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Introduction
We are working within the RI C-AIM Thrust III project portfolio to develop low-cost 
and easily deployable fluorescence based sensors for phosphate and nitrate.  These 
two ions are prominent species leading to the eutrophication, or hypertrophication, 
of Narragansett Bay, a condition when the bay becomes overly enriched with 
minerals and nutrients which induce excessive growth of plants and algae. This 
excessive growth may lead to harmful effects like blocking sunlight from reaching 
other organisms, causing a depletion of oxygen levels in the water, and secreting 
toxins into the water.  In this poster we present our work on phosphate.
Fluorescent Carbon Nano-dots for Phosphate Detection
Following the work of Huang and coworkers (Chem. Commun, 2011, 47, 2604-2606) 
we have prepared N-doped fluorescent carbon nanodots (C-dots) functionalized with 
carboxylic acid groups on the particle surface. 
The blue-green fluorescence of the carboxylic acid functionalized C-dots is quenched 
upon complexation with europium (III) ions producing “Eu3+ adjusted C-dots”.  The 
fluorescence is restored when the europium (III) ions are sequestered by dissolved 




An 11-aminoundecanoic acid solution was mixed with a citric acid solution (5v/5v), filtered, and 
heated for 2 hours at 260℃ in a muffle furnace. The resulting brown solid was dissolved in 0.1 M 
NaOH.  The suspension was centrifuged for 10 minutes and the supernatant was collected.  Upon 
the addition of a few drops of 12 M HCl, to protonate the carboxylic acid surface functional groups, 
the C-dots in the supernatant aggregated into a viscous brown liquid.  The cloudy solution was 
removed, and the C-dots were re-suspended with 0.1 M NaOH.  The HCl/NaOH procedure was 
repeated until the dark brown solution above the aggregated C-dots was no longer cloudy. 
Quantum Yield Measurements
The literature values for the quantum yields (F) of C-dots are commonly in the range of 1 – 15 % 
but have been reported as high as 50%.  Using quinine sulfate as a F reference, we have 




The goal of this project is to create low-cost, easily deployable, phosphate sensors for scientists and 
citizen scientists to use in an around Narraganset Bay with results read and relayed using common 
smart-phones. 
In our initial attempt to fabricate a dip-stick sensing element, a small volume of concentrated  
suspension of Eu3+ adjusted C-dots was prepared in a commercial hydrogel, HydroMed D4  from 
AdvanSource Biomaterials.  HydroMed D4 was chosen based on its lack of fluorescence upon 
excitation with 360 – 380 nm light and after numerous hydrogel matrices were tested and rejected. 
A few drops of the Eu3+ adjusted C-dot suspension were deposited on strips of glass fiber filter 
paper.   After allowing the alcohol to evaporate, the strips were exposed to 20 mL solutions of 
phosphate ranging from 1,000 ppm to 0.001 ppm (10-2 to 10-8 M) for either 5 minutes or overnight.  
Upon illumination with the 365 nm line from a compact “TLC style” UV lamp a small, visible 
difference, a red tint, can be seen going from 1 ppm to 0.1 ppm following a 5-minute exposure and 
from 1 ppm to 0.1 ppm following overnight exposure. 
Benchtop Fluorimeter/Cuvette Experiments
Our experiments reveal that the sensitivity of fluorescence methods based on the Eu3+ adjusted C-
dots is best when working with dilute solutions of the C-dots.   In order to achieve satisfactory 
reproducibility in our experiments and given the yield variability realized producing each batch of 
C-dots, we rely on the strong absorbance at 280 nm to produce solutions of consistent C-dot 
concentration.    100 mL volumes of Eu3+ adjusted C-dot solutions sufficient for thirty or more 
experiments are prepared by adding aliquots of a europium(III) chloride solution to the C-dot 
solution to quench the fluorescence to 30% of the original intensity. 
Pictured in Figure 1 are a series of emission spectra of Eu3+ adjusted C-dots with increasing 
concentrations of phosphate (pH 7.6 Tris buffer, 25 mM, lex = 370 nm, slits 5 nm and 5 nm).  The 
peak at 430 nm is largely due to the Raman scattering of water and the phosphate dependent 
signal is monitored at 450 nm.
In both pictures and from left to right, we show the native 
fluorescence of unadjusted C-dots in HydroMed D4 matrix 
and the fluorescence Eu3+ adjusted C-dots in the 
HydroMed D4 matrix following exposure to 1000, 100, 10, 
1, 0.1, 0.01, 0.001 ppm solutions of phosphate, 
respectively.
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HydroMed D4Pictured in Figure 2(a) and 2(b) are results of a series of experiments monitoring  the relative 
fluorescence intensity at 450 nm (lex = 380 nm, slits 10 nm and 10 nm)upon the addition of 
phosphate to Eu3+ adjusted C-dots solutions with pH ranging from 6.6 to 7.6 (0.25 mM Tris or MES).  
The response is best in the range of pH 6.6 to 7.6 where the limit of detection is on the order of 
200 ppb. 
Figure 2  
Pictured in Figure 3(a) and 3(b) are results of a series of experiments monitoring  the relative 
fluorescence intensity at 450 nm upon the addition of phosphate to Eu3+ adjusted C-dots solutions 
at pH 7.1 (0.025 mM) with and without the presence if chloride.  The presence of 0.01 M chloride 
results in an increases the limit of detection while the presence of 0.1 M (not shown and like 
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Work continues on this project with the overall goals of improving sensitivity, gaining sensitivity in 
0.1 M  chloride and improving ease of use.  Specific short-term goals are:
1. Construct a LED- based light box for illumination at 380 nm and viewing in the dark.
2. Prepare fluorescent carboxylated C-dots with longer wavelength photophysical properties.
3. Develop a simple means to remove chloride in a capillary action based flow system. 
